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ABSTRACT 



This booklet was designed to supplement existing 
classroom studies on the subject of the solar system at the primary 
level. Science and mathematics activities for studying moons, 
planets, and space craft are presented. (PR) 
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PRIMARY PLANETS AND ELEMENTARY MOONS 



Activities for Primary Students 



The better we understand the solar system 

THE better V/E UNDERSTAND OURSELVES 



The following material was designed to supplement your existing 
classroom studies on a jiriinary level with the subject of our 
solar system. 

Special thanks to Sister M. Sylvia Schik, Crosier Seminary, 
Onaiiiia, Minnesota. 



Ralph A. Wiririch Sister Mary Samuel 

Aerospace Education Specialist Saint Isidore Schuol 

NASA/Lewis Research Center Newton, Wisconsin 
Cleveland. Ohio 44135 

1983 



lliis is the wofk or tlie U.S. Goveniineiit uiidef Section 17 USC 105. 



CRATKJiS 
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38— Cook 
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49 — Cnmaldi 

51— HaJIcy 
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63 — iMaginus 

64 — Manilius 

65— Maskelync 
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67 — Mcrscnlus 

58 — Ncwcomb 

59 — Peuvtus 

71 — Piccolomim 

72 — Plato 
T3 — Ptinius 

74 — Poiidomus 

75 — Ptolcmacus 

76 — Remhold 

77 — Ross 
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33 — Tanmuus 
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MOON 

KEY TO THE MAP OF THE MOON 



A —Alpine Valley 
a —Alps Mis. 
E —Altai Mis. 
F — Apcnnmc Mts. 
G — Carpathian Mis. 
H — Caucasus Mu. 
K — Hacmus Mcs. 
M— Jura Mts. 

— Pyrencts Mts. 
R — Rhcita Valley 
S — Riphaeus Mu. 

V — Spiabergen 
W — Straight Range 
X — Strtight Wail 

Y —Taurus Mts. 
Z — T--ncriffc .Mu. 




L USAR PROBES 

2— Luni 2. Rni to reach Moon (1 959*9' 1 3) 
7 — Ranger 7, Fini clos« pictuirs ( 1964-7 
f— Uini 9. Fint soft . .-ding (1966'2'3) 
I i— Apollo II. Firet mcnoa Moon(I969'7 
a— Apollo 12 (1969-1 M9) 
>^ — Apollo 14(1971-2-*) 

Apollo 15 (1971-7-30) 
/i— Apollo 16 (1972-4.21) 

Apollo 17 (1972-12-11) 



LS — Lacus SomnioHJm (Lake of Dreams) 

MC — Marc Crisium {Sea of Cases) 

MFe —Mare Fecunditam (Sea of Fertility) 

MFt —Mare Frigons (Sea of Cold) 

MH —Mare Humorum (Sea of Moismre) 

M( — Mare Imbfium (Sea of Rains) 

MNe —Mare Nectaris (Sea of Nectar) 

MNu— Mare Nubium (Sea of Clouds) 

MS —Mare Serenitatis (Sea of Serenity) 

MT —Mare Tranquillium (Sea of Tranquillity) 

M V —Mare Vapomm (Sea of Vapors) 

OP — Occantis Proccilarum (Ocean of Storms) 

SA —Sinus Aotuum (Seething Bay) 

SI —Sinus Wdum (Bay of Rainbows) 

SM —Sinus McdU (Central Bay) 

SR — Sious Rons (Bay of Dev») 
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CHILDTALK 

We all know that children sometimes say the - things, 

and sometimes we realize we are listening to ourselves in 
their words. The following exercise is along those lines. 

Directions: Age level--K, 1 

Have the students define the following terms. 
Record your answers. Post. 

TERMS: Space 
Moon 

Astronaut 
Pluto 
The sun 

QUESTIONS: How do you build a rocket? 

How does a rocket work? 

What should you take with you 

for a week in space travel? 
What are stars? 
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SOLAR FAMILY SCALES 
The following numbers represent the average distance In miles from the 
earth to the various members of the solar system. 

Sun 93,000,000 Jupiter 400,000,000 

Mercury 57 ,000 ,000 Saturn 800 ,000 ,000 

Venus 26 ,000 ,000 Uranus 1 ,680 ,000 ,000 

Moon 230,000 Neptune 2,698,000,000 

Mars 48,000,000 Pluto 2,670,000,000 (in 1986) 



At an average speed of walking at 5 MPH, how long would it take to reach 
the following objects? Watch your units. Convert the days Into years 
whenever possible. 

Moon 

Mars 



Venus 



Let's increase our speed to 55 MPH. How long would it take to drive to: 

Moon _^ , 

Mars 

Sun 



Venus 



If we could take a jet plane at 500 MPH, how long would it take to reach 
the following objects? Watch your units. Convert the number of days 
into years whenever possible. 



Moon 
Mars 



Mercury 
Venus 



Jupiter 
Saturn _ 
Uranus 



If we could reach these objects, how long would a radio message take to 
reach earth? 

Venus Mars 



Uranus Pluto 



Jupiter Mercury 



ERXC" Saturn Neptune 



L',NAR ODDS AND ENDS 



When was the last time you looked at the moon? Perhaps it was during 
its so-called "full" phase. Pretty bright, wasn't it? 

Not really. We are fooled? Our moon has an albedo of .07. Albedo 
is a term used to reflect (no pun), that is, to express how much light 
is reflected by an object. A mirror, if perfect (none are), would 
reflect all the light hitting it and would have an albedo of 1.00. 
A true black surface would reflect none and have an albedo of .000,000. 
So our moon reflects about as much light as county trunk road A (as 
in asphalt), which makes it one of the poorest reflectors in the 
Solar System. 

How about a sky full of moons? First of all, there would b« lots of 
spaces so we will have to chop them a bit to stack up. It v;ould take 
more than 100,000 of our moons to fill the sky. And if we d^d, would 
they provide as much light as the sun? Not quite -- all of these 
moons would give you one-quarter the light of the noonday sun. 

A full Earth is 50 times brighter than a full moon. But this fact 
is only relevant to people living on tne moon (Selenites), or to 
people just visiting there. H.G. Wells called people who live on the 
moon "Selenites". 

Speaking of living on the moon, from there the moon, too, goes through 
phases. But unlike the Earth it doesn't rise and set. It goes through 
its phases suspended in place in the black sky of space. This fact 
made it very easy for the Apollo astronauts to talk to people on Earth. 

For years, navigation on the Earth was made possible by locating the 
North Star. However, given enough time, this star changes. The 
ancient Egyptians had a different star to look at. This is because 
the Earth has a slow wabble to its movement through space. The complete 
cycle of this wabble takes some 26,000 years and this movement is 
referred to as "precession". Every 26,000 years you get the same star. 

The moon, too, has a precession, but the complete cycle takes only 
18i years. 

Navigation on the moon for future Selenites will be interesting. There 
is the problem of precession, and the fact that the moon has no magnetic 
field, so a compass will not be of any use. 

The total mass of the moon is 1/83 that of the Earth. Your weight on 
the moon is therefore less than on Earth. The mathematics are not 
simple, but the fact is that on the moon, you weigh l/6th of what 
you do on Earth. 



LUNAR ODDS AND ENDS (continued) 



Ever wonder how long it takes to go from one full moon to the next? 
Roughly 29 days, or 29.53059, to be exact. This is a lunar month, 
or a Synodic month, and it was a very important measurement in setting 
up the system of calendars we use today. 

As we look at the moon at different times of the month we notice its 
phases. The reason is simple. The moon is in orbit around the Earth 
and at different times is leading us or following us as we, in turn, 
orbit the sun. When we see the first quarter moon in the western sky, 
we see the moon in front of us; we see where the Earth was 3i hours ago 
in its trip around the sun. When we look at the last quarter early 
in the morning, we are looking at where we will be in 3i hours. When 
we look at the full moon, we look at where we will never be! 

Perhaps the romance of the moon has lost something since we've stepped 
on it. It seems they just don't write about it anymore. But our 
appreciation for this object should not decrease, for now the mountains 
and seas and hills and rocks are no longer strangers ^ If anything, 
we've gained a new heritage. Enjoy. 
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LUNAR ODDS AND ENDS WORKSHEET 

1. Which is brighter a sky full of full moons or the sun? 

2. Why won't a compass do you any good on the moon? 

3. John weighs 20 pounds on the moon. How much will he weigh 
in Boston? 

4. It is July 10 and the moon is full. When will the next full 
moon occur? 

5. Draw the phases of the moon as it orbits the Earth. Be sure 
to place the Earth in the center. Show full, last quarter, 
first quarter, and new. 

6. What is precession? Have you ever seen one? 

7. Find out when the next full moon occurs. If you were on the 
moon at that time, what do you think the Earth would look like? 

8. If you were on the moon looking at the full Earth, would it be 
lunar day or lunar night? 

9. Can you ever have a month without a full moon? Explain. 

10. There was an old, unscientific joke that said the moon was made 
of green cheese. If it were, would it be brighter than it is now? 
(Assume we are talking about a full moon.) 




LUNAR BASE - 2010 



The following activity requires group interaction among four to six students. 
These students will establish a lunar base to house 20 to 50 people, but 
the base should be capable of growth to over 100 people. 



ASSIGNMEN T: 

Select a potential site from a lunar map. It is advised you stick to one of 
the mares, or sea areas, of the moon as they have less relief and would be 
easier for adaptation. But--don't let that stop you; perhaps some of the 
highlands or mountains have mineral wealth and your base could be a lunar 
mine operation. 

Lay out your base and include these necessities: 

Power Communications area Schools 

Housing Hospitals Greenhouse (food crops) 

Work areas Spaceport 

Recreation (remember that l/6th g means different sports; a baseball or 
golf ball would travel much farther. Perhaps you could 
design a par 3 golf course.) 

ACTIVITIES : 

-Sketch the location of each structure. 
-Blueprint the layout of each structure. 

OR 

-Make a model of each structure using shoeboxes or other cardboard 
containers. 

Don't forget to name your base. Indicate its location on a map of 
the moon. Name the individual buildings, too! 



Remember all living things must be protected from: 

-Extreme temperature differences between day and night. 
-Micro meteorite impacts. 
-Solar flares. 

As a result of these hazards, the final project will be buried under six 
feet of lunar soil. So be sure to include the gravel pit area. 
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A DRIVE TO THE MOON 



Did you ever wonder how far away the moon is? How long It would take you to 
get there, and how much it would cost if you could simply get in a car and 
drive it? 

Given the average distance to the moon of 240,250 miles, you can use the 
following chart to see how the family car would do on a trip to the moon. 
Simply multiply the number of gallons listed on the chart by the current 
price of gas. 

How long would it take you to drive to the moon? Assuming you drive at the 
legal freeway speed of 55 miles per hour, it would take you 4368 hours, or 
about 182 days to cover that distance. 



Miles per 
gallon 


Number of 
gallons 


Miles per 
gallon 


Number of 
gal Ions 


9 


26,694 


26 


9,240 


10 


24,025 


27 


8,898 


11 


21,840 


28 


8,580 


12 


20,020 


29 


a, 284 


13 


18,480 


30 


8,008 


14 


17,160 


31 


7,750 


15 


16,016 


32 


7,508 


16 


15,015 


33 


7,280 


17 


14,132 


34 


7,066 


18 


13,347 


35 


6,864 


19 


12,644 


36 


6,673 


20 


12,012 


37 


6,493 


21 


11,440 


38 


6,322 


22 


10,920 


39 


6,160 


23 


10,446 


40 


6,006 


24 


10,010 


41 


5,860 


25 


9,610 


42 


5,720 



For example, Mr. Hartsfield owns a 1982 car that gets 19 miles per gallon. 
That means he will use 12,644 gallons of gas. Given the present price of 
gas as being 97C per gallon, it will cost him 12,644 times $0,97, or 
$12,264,68 a bunch of cash! So calculate your family car's gas 
mileage and see how much it costs to reach the moon. 



YOUR CAR 

Miles per gallon ^ 
Number of gallons 
Cost per gallon _ 
Total cost 
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RUN TO THE MOON 



Time to run 




X ime CO re^cn 


Time to run 




Time t 


50 meters 


oDeed 


tne Moon 


50 meters 


Speed 


the Mc 


seconds 


m^ sec 


days 


seconds 


m/sec 


days 


1 


50 


89 


26 


1.92 


2327 


2 


25 


179 


27 


1.85 


2415 


3 


16 . 67 


268 


28 


1.79 


2496 


4 


12.50 


357 


29 


1.72 


2597 


5 


10 . 00 


447 


30 


1. 67 


2675 


0 


8.33 


536 


31 


1.61 


2770 


7 


1 • 14 


626 


32 


1.56 


2859 


8 


6 . 25 


715 


33 


1.52 


2949 


9 


5^56 


804 


34 


1.47 


3038 


10 


5.00 


894 


35 


1.42 


3127 


11 


4 . 55 


982 


36 


1.39 


3217 


- - 


4.17 


1071 


37 


1,35 


3306 


13 


3.85 


1160 


38 


1.32 


3395 


14 


3 .57 


1251 


39 


1. 28 


3484 


15 


3.33 


1342 


40 


1.25 


3574 


16 


3.13 


1427 


41 


1.22 


3663 


17 


2 . 94 


1520 


42 


1.19 


3753 


18 


2.78 


1607 


43 


1.16 


3842 


19 


2.63 


1699 


44 


1.14 


3932 


20 


2.50 


1787 


45 


1,11 


4021 


21 


2.38 


1877 


46 


1.09 


4110 


22 


2.27 


1968 


47 


1.06 


4200 


23 


2.17 


2059 


48 


1.04 


4289 


24 


2.08 


2148 


49 


1.02 


4378 


25 


2.00 


2234 


50 


1.00 


4468 
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MOON 


MONTH NAMES 




TRADITIONAL 


NATIVE AMERICAN 


JAPANESE 


UKuiU-LLLI it 


January 


The Old Moon 


Harmonious 


Bi rch 


February 


The Hunger Moon 


Wear More 


Quick Beam 


March 


The Crow Moon 


Warm Little 


Ash 


April 


The Grass Moon 


Rabbit 


ft T J ^ 

Alder 


May 


Planting Moon 


Early 


Wi 1 low 


June 


The Flower Moon 


No Water 


Hawtnorn 


July 


Thunder Moon 


Letter 


Oak 


August 


The Grain Moon 


Leaves 


Hoi ly 


September 


Harvest Moon 


Longest" 


Hazel 


October 


Hunters Moon 


No Gods 


Vine 


November 


Frosty Moon 


Frost 


Ivy 


December 


Long Night Moon 


Final 


Reed 








Elder* 



YOURS 



*The Druid/Celtic names are based upon tree names. There are 13 names 
given as their calendar was based on a lunar cycle of 29 days. Each 
cycle begins with the new, or no show, moon. 
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DEALING WITH LARGE NUMBERS 

1p our studies of space, we often face rather large and uncomfortable 
numbers. After so many millions and trillions, the numbers begin to 
blur together and become meaningless. Let's see if we can make these 
numbers easier to understand. 

^acts like these use large numbers: 

* the average distance to the sun from the earth is 93,000,000. 

* a light-year is around six trillion miles. 

* the next nearest star is just over four light-years away. 

Millions--trillions--UGH! ! 

What is a trillion ? To help us understand this number, we will use a 
more familiar number: one million. One trillion by definition is one 
million millions. Great! How big is a million? Well, let's take some 
time out to get hold of a million. 

There are 60 seconds to a minute and 60 minutes to an hour. 

How many seconds to an hour? Answer 

How many seconds to a day? Answer 

How long is a million seconds? Answer . 



If you extend this idea, multiply your last answer by a million and you 
can see how long it takes to reach a trillion seconds. 

Your answer 

A dollar bill is six inches long. How long would a million dollar bills 
be? Remember there are 5,280 feet to one mile. Give your answer in 

miles. Answer . 

How long would a trillion dollars be? Answer ^ 



Measure your stride, how fer you walk when you take one step. Your 
stride is * 

How far would you walk in a million steps? Answer 

How far would you walk in a trillion steps? Answer 



18 
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Dealing with Large Numbers (continued) 



Astronomers often use the unit light-year to express distances. 
Why? Why not simply put these distances into miles? Let*s see if we 
can figure this out. A light-year is the di. .nee light travels in 
one year. How far is this? Light travels about 186,000 miles per 
second. At this speed, how far will it go in one minute? 

Answer 

How far will it travel in one hour? (watch your zeros) 

Answer 

How far will it travel in one year? 
Answer 



Now you can see why it is much easier to express astronomical distances 
in light time units instead of miles. 



NOTE: Block off the Answer Sheet when you copy for classroom use. 



DEALING WITH LARGE NUMBERS — ANSWER SHEET 

How many seconds to an hour: 3600 
How many seconds to a day: 86,400 

How long is a million seconds: Just less than 12 days; 11.574 days to be exact. 
A trillion seconds: 31,688 years approximately; 31,687.885 exact. 
A million dollar bills: 94.7 miles 

A trillion dollars: 94.7 million miles, farther than from here to the sun. 

Light travels: 11,160,000 miles in one minute. 

669,600,000 miles in one hour. 
About 6 trillion miles in one year. 

^9 
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WHAT'S IN A NAME? 



Recently we have come to know some of the moons of Jupiter and Saturn 
through the images sent back by Voyager. However, these objects have 
rather strange sounding names whose meanings are quite obscure. Let's 
see if we can make some sense out of them. 

WHERE DO THEY COME FROM? 

These strange sounding names have their roots in the lore of Greek and 
Roman mythology. 

A goat whose milk fed the baby Jupiter. 
A king's beautiful daughter that Jupiter had a crush on. 
Another girlfriend of Jupiter. 

He was supposed to be the best looking of all mortal mn. 
A female that Jupiter changed into a bear and placed in 

the night sky as the Little Dipper. 
The Roman god of time. 
The mother of Venus. 

A hundred-armed giant who fought against Jupiter. 
A sea goddess. 

The mother of Jupiter and Neptune. 
A race of early gods were called the Titans. 
One of the Titans. He was the father of the sun and 
the moon. 

Another Titan. He was a son of Uranus. 
Another Titan. 

Exercise: Look up the origins of the other planet names and see 
what they mean. 




Ainelthea: 
Id: 

Europa: 
"Ganymede: 




Saturn. 

Dione: 

Enceladus: 

Tethys: 

Rhea: 

Titan: 

Hyperian: 

lapetus : 
Phoebe: 
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The names of the planets are from ROMAN mythology. The 
Roman deities are based upon those deities of the Greeks. 
Using the names of the Greek deities, place the names of 
the planets in order of their distance from the sun: 

Cronus Hades Aphrodite Ares Hermes 

Zeus Poseidon Uranus Earth 



As above (matching): 



(A) 


Mercury 


1. 


Aphrodite 


(B) 


Venus 


2. 


Ares 


(C) 


Earth 


3. 


Cronus 


(D) 


Mars 


4. 


Earth 


(E) 


Jupiter 


5. 


Hades 


(F) 


Saturn 


6. 


Hermes 


(G) 


Uranus 


7. 


Poseidon 


(H) 


Neptune 


8. 


Uranus 


(I) 


Pluto 


9. 


Zeus 
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WHERE TO SEE THE PLANETS IN 1988 



MERCURY: To see this elusive plan-st you must have a clear sky and a good 

horizon free of obstacles. Mercury never gets far from the Sun and 
thus is very hard to find. Some people live their whole lives 
observing the sky and never see Mercury. From January 10 until 
February 4, it is visible in the western sky after sunset. It 
repeats this from April 28 until the beginning of June, and from 
August 12 until October 5. From December 18 through the end of the 
year it is an evening star. Mercury is a morning object from 
February 17 until April 10, from June 22 until July 25, and from 
October 20 until November 15. Look to the east in the morning times. 

VENUS: The brightest of all the planets is seen in the west after sunset 

until the sUrt of June, when it becomes lost in the glare of th?. Sun. 
Venus reappears in the morning in the east around June 20 and remains 
a morning object for the rest of the year. 

EARTH: Still in the same place we^ve always seen it — just look downl 

MARS: This is the year for MarsI This year will be as good as it gets 

until the 21st century. Mars begins 1988 as a morning sight rising 
after midnight. on January 21. It's just a hand-width away from 
another red object, Antares. By early June it comes up at midnight 
and by September 28 is up all night. 

JUPITER: The largest planet begins the year as an evening object, moving 

slowly west. By April Jupiter becomes lost in the glare of the Sun. 
It reappears in mid- June near Taurus as a morning object. From 
July 1 until the end of the year it remains within a hand-width of the 
Pleiades . 

SATURN: This planet is lost in the glare of the Sun as the year begins, but 
by late January becomes visible in the group of stars we call 
Sagittarius. By April Saturn comes up around midnight, and remains an 
evening object until mid-December, when it becomes lost again. 

URANUS AND NEPTUNE: 

We combine these two as they are very close to each other all year in 
the group of stars near Saturn. On February 12 Uranus and Neptune 
are but a finger-width apart. The last time Saturn and Uranus were 
this close in our line of sight was in 19A4. On February 22 and 23 
Mars comes in, forming the closest grouping of planets until the 
year 2006. By the way, that's the year of high school graduation for 
a child born in 1988. 

Throughout 1988 Uranus and Neptune remain close to each other, doing 
a little moving back and forth through the edge of Sagittarius and 
Ophiuchus. On June 26 they will rise together at sunset. That will 
not happen again until the year 2032. On October 17 they again come 
close to ea:h other and then slowly separate until well into the 
21st Century. All it takes to keep tabs on this show are good 
binoculars, and, of course, a clear sky. Keep good drawingsl 
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PLUTO: 



Forget it J 
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SYMBOLS 

UNSCRAMBLE THE LETTERS AND DISCOVER THE PLANETS 
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AORASTEA 

METiS 

AMALTHEA. 

THEBES 



H mMes? 
13 miles? 

90 X 50 miles 

27 miles? 



COMMENTS 



Fastest known moon 



Looks like a red potato 



10. 



->0 



About the size 
of our moon 



Has active volcanoes 



EURO'PA 



GANYMEDE. 



^ r 



o 



A 1 ittle smal ler 
than our moon 

Largest moon in 
the solar system 



May have liquid water under 
its ice. Life??? 



CALLISTO- 



^ 0 



SI ightly larger 
than our moon 



Most cratered moon known 



LE DA 



4 miles? 



Smallest known moon in the 
solar system 



H I MALI A 



67 miles 



LYSITHEA. 
ELAR A 



7 miles? 
35 mi les 



Takes about one year to go 
around Jupiter 



AN ANKC. 



C A R M E 



7 miles? 
10 miles? 



P ASI PHAE 



17 miles 



?6 



ERIC 



S INOPE. 



11 miles 



Most distant moon on any planet 
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SATURN'S LARGE FAMILY 

It isn*t known just how many moons this planet has, and some of the moons 
have yet to receive an official name. The current family is listed here in 
order, starting with the closest satellite to Saturn and moving on out. 
The size given is for miles in diameter. 



NAME 



SIZE 



COMMENTS 



Atlas 
1980S27 
1980S26 
Janus 

Epimetheus 
Mimas 
1981S12 
Enceladus 

Tethys 

1980S13 

1980S25 

1981S6 

1981S11 

Dione 

1980S6 

Telesto 

Calypso 

Rhea 

Titan 

Hyper ioi; 

lapetus 

Phoebe 



25 X 13 
85 X 60 
65 X 55 
140 X 125 
90 X 75 
190 
6? 
320 

650 

20 X 17 
20 X 15 
12 
9? 
620 

22 X 20 

12 

9? 

960 

3240+ 

250 X 160 

920 

140 



Discovered by Voyager 1 
Voyager 1 
Voyager 1 

Discovered in 1966 

Discovered in 1977 

Huge impact crater 

Voyager 2 discovery 

Like a cracked mirror, reflects more 
sunlight than any other moon 

Has a long valley on it 

Discovered in 1980 from Earth 

Discovered in, 1980 from Earth 

Discovered by Voyager 2 

Voyager 2 discovery 

Has large white areas on it 

Discovered from Earth in 1980 

Discovered by Voyager 2 

Discovered by Voyager 2 

Mixture of rock and ice 

Only moon in our solar system with atmosphere 

Shaped like a hamburger 

One side red, the other white 

Orbits around Saturn backwards 



With the exception of Titan and Phoebe, all of these moons are either pure ice, 
or mixtures of ice and some rock. The smaller moons are most likely pure ice. 

Titan is an orange covered ball, larger than either the planets Mercury or 
Pluto. The atmosphere contains large amounts of poisonous gases, such as 
methane and hydrogen cyanide. 



The te..iperatures on these moons is well under 200 degrees below zero. 
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URANIAN SATELLITES 



.VOYAGER I 



0 



6 



•O MIRANDA 
^ ARIEL 
O UMI^RIEL 




PIONEHR 10 



•O TITAN I A 



VOYAGER 2 



Gravity assist has deflected the two Voyagers out of the ecliptic 
plane. Flying "under" Saturn, Voyager 1 was lofted at a 35*^ angle 
above the ecliptic. Flying "over" Neptune, Voyager 2 will be flung 
beneath the ecliptic at an angle of 47°. Planet and spacecraft 
positions are shown in 2000 A.O. 

However, minimum spacecraft power requirements appear unattainable 
after the year 2015, when Voyagers 1 and 2 will be at distances 
from the sun of 130 AU and HQ AU, respectively. Far beyond the 
heliopause, at the very edge of our solar system, the Voyagers 
will fly through Oort's cloud of cometary nuclei. However, at the 
cloud's great distance of 65,000 AU (about 1 light-year), the 
Voyagers will not arrive for another 20,000 years. 



UMBRIEL: 
TITANIA; 



ERiC 



Miranda: Smallest, 100 to 200 miles. Named 
after a character from Shakespear^s 
O OBERON play THE TEMPEST. Revolves in less 

than 2 days • 

ARIEL: 400 to iSOO miles. Hard to be exact. Could 
be- full of surprises when Voyager arrives in 
1986. Named after a Sylph in Popes THE RAPE 
OF THE LOCK. Sylphs are imaginary folks who 
live in the air. Takes just over two days to 
revolve Uranus . 

500 to 800 miles in diameter, another Sylph, Revolves in just 
pver 4 days. 

Discovered by Herschel, size 600 to 1500. Thought to be the 
satellite with the liigliest density in the Solar System, over 6 
time?, the density of water. Named after the fairy queen in 
Shakespear's A MIDSUMMER NIGHTS DREAM. Takes about 8 days to 
go around, 

OBERON: Discovered by Herschel, 700 to 1500 miles in 
size. Named after the king in A MIDSUMMER 
NIGHTS DREAM. Revolves Uranus in 13 days. 

?8 
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URANUS SATELLITES 



An update after the Voyager 2 flyby, January 1986. 



\ 



NAME 



Oberon 

Titania 

Umbriel 

Ariel 

Miranda 

1985U1 

1986U5 

1986U4 

1986U1 

1986U2 

1986U6 

1986U3 

1986U9 

1986U8 

1986U7 



DIAMETER (MILES) ORBIT RADIUS IN MILES 



965 
990 
740 
725 
300 

100x105 

30? 

30? 

60? 

50? 

30? 

50? 

30? 

15? 

10? 



362,600 
270,900 
165,500 
118,700 
80,400 
53,400 
46,660 
43,450 
41,070 
39,990 
38,960 
38,370 
36,720 
33,120 
30,630 
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NEPTUNE'S FAMILY 



. NEREID 



TR ITON 



Nereid is too faint to be seen through any telescope. It has a strange 
orbit which takes it from 867,000 miles above Neptuna to over six million 
miles out. To go once aroung Neptune takes Nereid about one earth year. 
Size: about 340 miles in diameter. 

Tri ton is about 2300 to 3000 miles in diameter, thus larger than our moon, 
It orbits Neptune at about the same distance from the planet as our moon 
from earth, but Triton is faster; it takes only six days to go once around, 



PLUTO'S CHILD 



C H A R 0 N V* ^ _ 



ERIC 



It has been calculated that Charon takes 6.4 days to orbit Pluto. 



30 
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THE ORBIT OF PLUTO: 1979 - 1999 



Ncpiun* 



o». urinui y.** 



^« " 




PLUTO, since its discovery in 1930, has been known as the farthest planet in 
our solar system. But, as of Winter 1979, and continuing until Spring 1999, 
Pluto does not occupy this position. During this period, Pluto's orbital 
motion carries it closer to tne sun than Neptune and for these 20 years 
Neptune will be the farthest known planet. 

Pluto crossed Neptune's orbit in November 1978, but due to the non-circular 
orbits of the two planets, it was not actually closer to the sun than Neptune 
until January 1979. Although the paths of the two planets cross, there is no 
reason for alarm. They will never collide, as they come no closer than about 
1.75 billion miles to each other. 

Pluto was identified by Clyde Tcmbaugh, at the Lowell Observatory in Arizona, 
in March 1930, after its existence had been predicted by Percivall Lowell. 
Lowell had predicted tre existence of Pluto because the perturbations in the 
orbits of Neptune and Uranus could be best explained by postulating an extra 
planet. Pluto was not located, however, until 14 years after Lowell's death. 

Pluto will reach perihelion (point closest to the sun) in 1989. Already it is 
considerably brighter than when Tombaugh discovered it in 1930. A moderate 
telescope will show it, though it looks exactly like a faint star. At present 
it lies near the boundary between Virgo and Coma Berenices; it will remain in 
this region for some years since its movement against the starry background is 
very slow. 

On June 22, 1978, James W. Christy of the U.S. Naval Observatory's Exploratory 
Development Staff discovered a moon orbiting Pluto. This startling discovery 
enabled scientists to unravel some of the mysteries of this elusive planet. 
Pluto has a diameter of approximately 1,500 miles. Pluto's moon, Charon, is 
approximately 500 - 600 miles in diameter, in an orbit 12,000 miles above the 
planet. It orbits Pluto every 6.3 Earth days, the same time it takes the 
planet to turn once on its axis. It is the only satellite-planet pair with 
tnis kino of synchronized orbit, esentially allowing the moon to stay in the 
same place in the Plutonian sky. Looking at Charon's orbit around Pluto 
reveals much about Pluto's mass. This, combined with the known diameter, now 
teils us tnat tne planet is very light, with a density somewhat less than 
hater, anc probably not composed of solid rock. 

Tne aoove pnotograpn (right) was taken with the U.S. Naval Observatory's 
c:-incn astrometric reflecting telescope. In this negative, Pluto appears as 
c aark spot near the center. Its moon, Charon, appears as an elongation on 
tne upper rignt part of the image of tne planet. 

- U.S. NAVAL OESERVATORY - 
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MATCH THE NAME WITH THE- OBJECT 

1. ________ 

2. _ _ _ _ 

3. _____ 

4. ______ 

5. _ _ 

6. _ 

7. _ 

8. _______ 

3- ________ 

10- _____ 

FIND THE ANSWERS BELOW. BE SURE TO SPELL THE WORD CORRECTLY! 

1. This tiny moon of Jupiter is shaped like a giant red 
potato over 100 mi-1es ling. 

2. This planet has two tiny moons. 

3. This moon of Saturn looks like an orange fuzzy ball 
because it has its own atmosphere. 

4. One of the four large moons of Jupiter, this moon 
looks like a round cracked egg. 

5. Another large moon of Jupiter, this object is about the 
size of our moon. It has active volcanoes and the 
color of a fresh pizza on its surface. 

6. This moon of Saturn has some rather unusual surface 
features . 

7. This tiny moon of Saturn we don't know too much about, 
. except that it is round and it goes around Saturn 

backwa rds ! 

8. The closest planet to the sun. 

9. This moon of Saturn is shaped like a big hamburger, 
very thin. 

^ 10. The only planet whose3i2on has no name. 

ERIC 
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WHAT'S YOUR PET MOON? 



G 


3 

E 


8 

D 


7 

H 


3 

N 


5 

I 


5 

M 


5 

I 


5 

A 


A 


5 

P 


5 

E 


7 

Y 


3 

C 


7 

: P 


5 

T 


3 

E 


5 

M 


3 

L 


N 


7 

E 


3 

A 


8 

I 


7 

R 


Y 


8 

0 


6 

A 


5 

1 i 
U 


M 


7 

1 


5 

S 


3 

D 


7 

0 


^ 

E 


8 

N 


7 

N 


3 

U 


D 


5 

S 


E 


8 

E 


3 

S 



Count the number of letters in your first name. If 

YOU HAVE LESS THAN 5. ADD 2 , IF YOU HAVE MORE THAN 5. 

SUBTRACT 3. Follow the chart from left to right and 

WRITE DOWN ALL THE LETTERS THAT GO WITH YOUR NUMBER 
AND DISCOVER YOUR PET FIOON . 

QUESTIONS: 

1. ) Which planet does your moon belong to? 

2, ) What does the name of your moon mean? 
3', ) What can you say about your moon? 
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OUR SOLAR SYSTEM: FIND THE HIDDEN WORDS 
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Hidden in the matrix above are tlie planets, moons, asteroids, 
comets, etc., which relate to the study of our solar system. 
Some are written forward, some backward, some up, seme down, 
and some diagonally. Have fun!!! 
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MATH MESSAGE 



A 


= 27 


F 


= 54 


K 


= 42 


P 


= 24 


U = 


20 


B 


= 54 


G 


= 56 


L 


= 35 


Q 


= 90 


V = 


9 


C 


= 81 


H 


= 32 


M 


= 28 


R 


= 12 


W = 


rt 

0 


D 


= 18 


I 


= 16 


N 


= 21 


S 


= 10 


X = 


11 


E 


= ^5 


J 


= ^9 


0 


= 35 


T 


= 15 


Y = 
Z = 


0 

51 



Put the correct number and letter under each problem to 
read the message. 



3 5 9 3 8 9 6 

X3X5 xO x9 x7 x5 x2 

30 54 72 8 5 

r 2 tS -i-2 x2x2 



67 589 898 

x5x3 X3 x4 x5 xl x3 xO 



56 3563 10 79 

x3x6 x7 x9 x4 x5 x2 x3 x5 
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WITH A LITTLE IMAGINATION 



I The Voyager picture is incomplete. You might do one of the following! 

A. Draw in and color an object that Voyager saw. i.e.. Jupiter, or one 
of its moons, like perhaps Io. which is very colorful. 

B. Draw what Voyager II might see in the future as it passes Uranus 
or Neptune. 

C. Draw what Voyager sees right now. (Deep space with stars against 

A BLACK endless SKY. ) 

D. Draw a Voyager encounter with another star system millions of 
years from now, 



II And now the weather report... 

Using the library for help, select a planet and make up a weather 
report for a typical day. Be sure to include a possible high 
temperature for today as well as the wind and chance for rain... or 
SNOW. Either write it up to look like a report in the newspaper or 

DELIVER IT TO THE CLASS. LIKE ON T.V. ANOTHER OPTION IS TO RECORD 
IT AND PLAY IT BACK LIKE IT WAS A RADIO REPORT, 



III How MUCH DO YOU WEIGH ON MARS?? 

To FIGURE OUT HOW MUCH YOU WEIGH ON MARS OR ANY OF THE PLANETS WITH 
SURFACES. MULTIPLY YOUR WEIGHT BY THE NUMBER GIVEN. To DO THIS. YOU 
MUST KNOW THE FOLLOWING: 

A. What the symbol stands for, 

B. Your weight on Q , 

C. What to do with that little dot (decimal point) before each 

NUMBER. 



1 



,37 X YOUR WEIGHT 



2. 



.9 X YOUR WEIGHT 



3, 



CT 



.38 X YOUR WEIGHT 



Titan 



,m X YOUR WEIGHT 



5. 



Earth's moon 



.15 X YOUR WEIGHT 



IV 



The space telescope picture is incomplete. Draw in the earth. 
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"iJovj Voyager, sail forth... to seek and find". . .WHITMAN 




SPACE TELESCOPE 
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KEEPING CURRENT 



Prices are suDject to change. Don^t get your hopes up for them to go down. 



MAGAZINES 

Sky and Telescope 

Sky Publishing Corporation 

49 Bay State Road 

Cambridge, MA Q2238 

Level . . . High 

Cost . • . $20 per year 

Astronomy 

Astromedia Corporation 

PO Box y2788 

Milwaukee, WI 53202 

Level . . . Medium 
Cost ... $21 per year 



Odyssey 

Astromedia Corporation 
PO Box 92788 
Milwaukee, WI 5 3202 

Level . . . Elementary 

Cost . . . $U.88 

The Astrograph 
PO Box 2283 
Arlington, VA 22202 

Cost ... $8 per year 

Bimonthly devoted to astrophotography 

Space World 

Amherst, WI 54406 

Cost . . . Write for current rate 
Published in cooperation with the 
National Space Society 

Journal of the ALP O 

Association of Lunar and Planetary Observers 
PO Box 3A2 

University Park, NM 88003 

Cost . . . Write for current rate 



Meteor News 



Attention: Wanda Simmons 
Rt 3 Box 424-99 
Callahan, FL 32011 

Cost . . • 



Write for current rate 



ERLC 



Comet News Servic e 

PO Box TDR No. 92 
Truckee, CA 96 734 
Cost 



52 



Write for current rate 
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Keeping Current (cont.) 

INSTRUMENTS (write for catalog on letterhead) 

Bausch & Lomb 

Astronomical Division 
135 Prestige Park Circle 
East Hartford, CT 06108 

Celestron Internationa l 
PO Box 35 78 
2835 Columbia Street 
Torrance, CA 906 03 

Catalog costs $3 

For information call 1-800-421-1516 (Pacific time) 

Meads Instruments Corporation 
1675 Toronto Way 
Costa Mesa, CA 92626 

Catalog costs $3 

For information call l-800-ffi4-74a6 (Pacific time) 

Edmund Scientific 

101 East Gloucester Pike 
Barrington, NJ 08007 

Parks Optical 

270 Easy Street 

Simi Valley, CA 93065 

Unitron Instruments 

175 Express Street 
Plainview, NY 11803 

Telescope Exchange 

4347 Sepulveda Blvd. 
Culver City, CA 90203 

$1 for price list, refundable on first order 

Mack Optical & Machine-Tool 
PO Box 5 41-T 
Scranton, PA 185 01 

Catalog is $2 



ASTRONOMICAL CALENDAR 

Order calendar by year 

Department of Physics 
Furman University 
Greenville, SC 29613 

Cost . . . $10 
None better! 

53 
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Keeping Current (continued) 

STAR CHARTS 

Edmuna Mag 5 Star Atlas 
Edmund Scientific 
101 East Gloucester Pike 
Barrington, NJ 08007 

Level . . . Beginning 
Cost . . . $6.96 plus $2.96 shipping 
An excellent all around first atlas* You might 
also ask for their free catalog which contains 
all sorts of astronomy-related materials. 

Sky Atlas 2000.0 

Sky Publishing Corporation 
49 Bay State Road 
Cambridge, MA 02238 

Level ... All 

Cost . . . $15.95 



MONTHLY STAR GAZING NOTES 

News from the Naval Observatory 

34th and Massachusetts Avenue NW 
Washington, DC 20390 

Free newsletter, send request on letterhead 

Sky Calendar 

Abrams Planetarium 
Michigan State University 
East Lansing, MI 48824 

Cost ... $6 per year 



ORGANIZATIONS 

Astronomical Society of the Pacific 
1290 24th Avenue 
San Francisco, CA 94122 

Annual membership is $18.00, which gives you the 
publ i cation Mercury;. Lots of good things 
available. 
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Keeping Current (continued) 



ASTRONOMY RESOURCE GUIDE 

Astronomy Resource Guide (order by year ) 
West Virginia University Bookstores 
College Avenue 

Morgantown, WV 26506 . . 

Cost . . . $7^5 0 includes shipping, handling, 
postage. 200 pages of detailed 
descriptions of educational resources. 



MISCELLANEOUS 

Large astronomical prints: 
Astromurals 
PO Box 7563 
Washington, DC 20044 

Slides, Posters, Etc. 

Hansen Planetarium Publications 
1098 South 200 West 
Salt Lake City, UT 84101 

Sundials 

Sundials, Inc, 
Sawyer Passway 
Fitchburg, MA 01420 

Celestial Globes 

Farquahar Globes 
5007 Warrington Avenue 
Philadelphia, PA 19143 

Astrophotography Equipment 
Robert T, Little 
PO Box E 

Brooklyn, NY 11202 

T-shirts 

Cotton Expressions 

832 West Junior Terr ac e 

Chicago, IL 60613 
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